Abstract. The main purpose of this paper is to study the carbide tip's surface temperature and the cutting forces of milling stainless steel with chamfered main cutting sharp worn tools. The carbide tip's mounting in the tool holder are ground to a wear depth that is measured by a toolmaker microscope and a new cutting temperature model incorporating tool wear factor and using the variations of shear and friction plane areas occurring in tool worn situations are presented in this paper. The forces and frictional heat generated on elementary cutting tools are calculated by using the measured cutting forces and the oblique cutting analysis. The carbide tip's temperature distribution is solved by finite element analysis (FEM) method.
Introduction
Face milling is a machining process used extensively for the production of flat surfaces. For an understanding of the cutting dynamics, Kim and Ehmann [1] showed the knowledge of the cutting forces is one of the most fundamental requirements. Singamneni [2] demonstrated that the mixed finite and boundary element model enabling the estimation of cutting temperatures is simple, efficient, and at the same time quite easing implemented. Chang [3] also presented a force model and an FEM model that agreed in predicting the cutting temperatures for turning stainless steel with a sharp chamfered main cutting edge tool. The aim of this paper is to clarify the cutting temperatures and the cutting forces of stainless steel when the sharp chamfered main cutting edge tool is worn down.
Theoretical Analysis
Chang [4] , the basic force model for a sharp worn corner tool with a chamfered main cutting edge 0) ( = R shown in Fig. 1 was derived as follows: For the case of chamfered main cutting edge, temperatures and forces depend on nose radius R, worn depthd B , cutting depth d , feed rate f ,cutting speed V , positive radial angle 1 r α , negative radial angle 2 r α , and axial angle a α as shown in Table 1 . Fig. 1 , C s is the side cutting edge angle, C e is the end cutting edge angle, 1 r α and 2 r α is used. The process for deriving the shear plane areas is divided into segments with tool wear and without wear. 
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The contact length of the tool edge can be considered as two types, as shown in Figs. 2 to 3. From the above diagram, the contact length is 
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(ii) Solid modeling of carbide tip First, the tip cross-section profile (TCSP) perpendicular to the main cutting edge was measured using a microscope, then CAD software, SolidWorks TM , was used to generate the tip body by sweeping the TCSP along the main cutting edge with the specified pitch. Finally the tip's main cutting edge was simulated to remove unwanted material and create a solid model of turning tip geometry, as shown in Fig. 7  (iii) Finite element model The finite element analysis software Abaqus TM is used in this study. The finite element mesh of the carbide tip is shown in Fig. 7 , which was modeled by 58,000 four-node hexahedral elements. As shown in the top view of Fig. 8, 8*6 nodes are located on the projected contact length between the tool and the workpiece, 3 * 6 nodes are located on the chamfered width of the main cutting edge, and 1*6 nodes are placed on flank wear. (42) '
Where ' A the area of friction force action, tthe value of is b V is set to be 0.1mm. ρ is the density, c is the thermal conductivity, and k is the heat capacity. 
Li and Shih [5] (44) (vi) Experimental method and procedure
In measuring the cutting forces a Kistler type 9257B, three-component piezoelectric dynamometer was used with a data acquisition system that consisted of Kistler type 5807A charge amplifiers, he set-up in Fig. 8 .all measured data were recorded by a data acquisition system (Keithley Metro byte-DAS1600) and analyzed by the control software (Easyest). The composition of workpiece is C=0.05%, Mn=1.17%, Ni=9.14%, Cr=18.45%, 168HB. The cutting tools used in the experiments are Sandvik p10, type S1P [6] . Carbide-tipped tools with following angles are used as 
Results and Discussion
The results obtained from the finite element analyses are shown in Figs. 9-11 and described as follows:
(1) Fig. 9 shows the cutting temperatures vs. cutting time for different values C s at 1 r α =-30˚ and 2 r α =30˚ with a chamfered and an unchamfered sharp worn tool at d=2.0mm, f=.33mm/rev, V=120m/min respectively. (2) Fig. 9 shows that the cutting edge temperature of the chamfered main edge sharp worn tool was lower than unchamfered main cutting edge worn tool. 
Conclusions
Good correlations were obtained between predicted values and experimental results of forces during milling stainless steel with sharp tools [7] . A new model for worn tools with chamfered main cutting edge has been developed by including the variation of shear plane areas. In this model, the energy method is also used to more accurately predict cutting force. The FEM and Inverse heat transfer solution for tool temperature in stainless turning is obtained and compared with experimental measurements. The good agreement demonstrates the accuracy of proposed model.
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